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Factors Influencing Properties of Fermented 
Reconstructed Milk 
WM. H. E. REID, AND F. F. WELCH* 
ABSTRACT.-A fermented milk characterized by a pleasant flavor and a body 
and texture that are consistently very smooth can be manufactured from recon-
structed skimmilk. The quality of the fermented milk may be improved or impaired 
by modifying the manufacturing processes. Addition of .35 per cent of gelatin im-
proved the body and texture as did normal skimmilk. Storage temperatures reflect 
directly on the physical properties of fermented milk made from reconstructed skim-
milk. 
The limited supply of normal skimmilk suitable for fermented milk 
manufacture, especially in the large centers of population, together with 
the steadily growing demand for fermented milks, has caused the plant 
operators to search for a substitute for normal skimmilk. 
A study was made of the influence of the manufacturing procedure 
and of the quality of starter used, on the fermented milk made from re-
constructed skimmilk. The processes studied are those that are subject 
to considerable variations between plants, or in the same plant. 
REVIEW OF LITERATURE 
Burkel, defined the qualities of a good grade of Commercial Butter-
milk.· 
Larsen and White2, found that a good quality starter can be made 
by using reconstructed skimmilk as a substitute for normal skimmilk. 
They further showed the danger of using too much powder in the manu-
facture of the reconstructed milk. 
Dahle and Palmer, in an investigation of the properties of recon-
structed milks made a milk which gave a slightly lower soluble protein 
content, a slightly lower buffer action at low concentrations of alkali 
·and acid, had a slightly higher viscosity than normal milk, but closely 
resembled normal milk in freezing point, specific gravity, and specific 
conductivity. 
Hammer\ recommended an incubation temperature of from 21.22-
23.330C. (70-74°F.) for the commercial cultures. 
Knaysi5, studied fermented normal milk and found that an increase 
in the amount of inoculum gave an increase in titratable acidity, viscos-
ity, firmness of the curd, and an increased tendency to whey off. 
Hammer6, and Knaysi5, concur in their findings that an increase in 
the pasteurization exposures increases the firmness of the curd of fer-
mented normal milks. 
*The data presented il) this bulletin were taken from a thesis submitted by the junior author in 
fulfillment of the thesis requirement for the degree of Master of Arts in the Graduate School, of the 
University of Missouri, 1929. 
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Hammer and Baker7, found that lowering the pasteurization ex-
posur~s lowered the rate of acidity development and lengthened the 
time of coagulation. 
Yaxis8, Messcher9, Burke10, and Reid11, agree that the addition of 
small amounts of gelatin to normal skimmilk before fermentation will 
result in an increased viscosity and prevents wheying off of the fermented 
milk. 
PROCEDURE 
Studies were made of the effect of the following factors on the fer-
mented milk made from reconstructed skimmilk: 
(1) The quantity of inoculum. 
(2) The process of cooling after incubation. 
(3) The pasteurization exposure. 
(4) The addition of different amounts of gelatin. 
(5) The addition of normal skimmilk. 
(6) The cooling of the fermented milk before breaking the curd. 
(7) A comparison of the qualities of fermented milks made from 
gelatinated reconstructed skimmilk, normal skimmilk, and 
reconstructed skimmilk. 
Reconstructed skimmilk was made for these studies by the addition 
of water to skimmilk powder in the ratio of nine pounds of water to 
one pound of skimmilk powder. 
The milk so made was then pasteurized at 82.22°C. (180°F.) for 
thirty minutes, cooled to 22.22°C. (72°F.), transferred into sterile quart 
bottles, and inoculated. 
The inoculated milk was then incubated at a temperature of22.22°C. 
(72°F.) for a period of from twelve to fourteen hours and then removed 
to a cooling room, the temperature of which was maintained at 5.55°C. 
( 42°F.) for a period of eight hours. 
After cooling the curd was broken by gently agitating the bottles, 
each bottle receiving a like amount of agitation. 
Three samples were then transferred into sterile bottles for testing, 
and scoring at the end of24, 72 and 124 hours storage at 5.55°C. (42°F.). 
The remainder of each lot was used for immediate testing and scoring. 
The aroma and flavor of each lot were scored on the basis of 100 
points and a score of 75 for aroma and flavor was deemed palatable. 
The body and texture were scored on the basis of 100 points and a score 
of 85 was deemed necessary to be considered a good quality of fermented 
milk. The acidity was determined by titration against tenth normal 
sodium hydroxide, and calculated as per cent lactic acid. The viscosity 
time was determined by the time in seconds required to empty a fifty 
cubic centimeter pipette to a mark one inch below the bulb. The whey 
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formation, the appearance of the curd, and the presence of gas were also 
noted. 
EXPERIMENTAL DATA 
The Inoculation of Reconstructed Milk With Various Percentages of 
Starter.-Six series, of five lots each, were made to determine the effect 
of varying the amount of starter used in the inoculation. 
Table 1 shows the effect of inoculatin~ the reconstructed milk with 
increasing amounts of starter. Increasing the increment of inoculum 
increased the score of the aroma, flavor, body, texture, percentage of 
acidity, and the viscosity in the fermented milks, at the time of breaking 
the curd. The increase in the score of the aroma and flavor was largely 
the result of a submerging of powder taste and odor due to the increased 
acidity. The increase in body and texture score was due to the develop-
ment of a stronger, more viscuous body, all lots showing a consistent 
smoothness. 
TABLE !.- THE EFFECT ON T H E PROPERTIES OF FERMENTED RECONSTRUCTED MILK 
WHEN DIFFERE NT PERCENTAGES OF S TART ER WERE ADDED 
Inoculum Score of Score of Viscosity 
Number Added Aroma- Body- Acidity in Time in 
of Lot Per Cent Flavor Texture Per Cent Seconds 
I 2 75.60 79.00 . 789 59 
II 4 77 . 80 80 .50 .807 72 
III 6 78 . 80 83.00 .853 72 
IV 8 78.80 84 .00 .855 77 
v 10 79. 60 84. 30 . 863 78 
The appearance of the respective lots was not affected and no 
wheying off occurred in the fresh buttermilk. Cordes and Hammer12, 
found, in the fermentation of normal skimmilk, higher total acidities re-
sulted in the production of a higher percentage of volatile acids by S. 
Lacticus and the organisms associated with it in commercial cultures. 
The same is no doubt true of fermented reconstructed skimmilks. The 
increased amount of volatile acid present may account for the improve-
ment in aroma and flavor in the fermented milks made from reconstruct-
ed skimmilk inoculated with higher percentages of starter. 
Storage for 24 hours resulted in a decrease in the score of the aroma, 
flavor, body, texture, titratable acidity, and in viscosity time, followed 
by a slight increase at the end of 72 hours storage. Continued storage 
at the same temperature caused a downward trend in the numerical 
values of the properti~s at the end of 120 hours. 
Table 2 shows the whey formation of the fermented milk. The 
results show a tendency for Lots I and II to whey off on storage. A 
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slight amount of whey, however, was not considered harmful to the 
product. 
The appearance of the samples, excepting those showing consider-
able whey formation, was very uniform. 
TABLE 2.-THE EFFECT ON THE WHEY FORMATION OF FERMENTED RECONSTRUCTED 
MILK WHEN DIFFERENT PERCENTAGES OF STARTER WERE ADDED . 
Samples Wheying Off and Amount of Whey 
Formed in Storage 
Number In- 24 Hours 72 Hours 120 Hours 
oculum I Added Y.-X 74-78 Y.-X X-78 Y.-X X-78 
Per Cent Inches Inches Inches Inches Inches Inches 
I 2 1 0 2 0 2 0 
II 4 1 1 2 1 2 1 
III 6 0 2 0 1 0 1 
IV 8 0 1 0 0 0 1 
v 10 0 2 0 0 0 1 
The Effect of the Cooling Process After Pasteurization on the 
Properties of Fermented Reconstructed Milk.-Six series, of four lots 
each, were made to determine the effect of the cooling process on the 
properties of the fermented reconstructed milk. 
Cooling the heated milk over a surface cooler tends to give a product 
somewhat less desirable in flavor and aroma as shown in Table 3, and 
is thought to be due to the aeration of the heated product. Quick 
cooling does not result in any marked improvement in the properties 
of the reconstructed milk because of the danger of contamination due 
TABLE 3.-THE EFFECT OF THE COOLING PROCESS ON THE PROPERTIES OF FERMENTED 
RECONSTRUCTED MILK 
Cooling Process 
Score Score 
Number Temperature of of Viscosity 
of Lot Cooling After Cooled Aroma- Body- Acidi ty Time in 
Medium Degrees Flavor Texture Per Cent Seconds 
I Tap Water 22.22° c. (72° F.) 79.00 77.80 . 897 113 
II Ice Water 22.22° c. (72° F.) 79.30 77.80 .903 120 
III Surface Cooler 22.22° c. (72° F.) 77.60 78.00 .901 109 
IV Surface Cooler 10° c. (50° F.) 78.00 77.70 .901 113 
to the exposure to air. Variations occurring in the numerical value of the 
other properties are insignifi.cant and show little relationship to the 
treatment of the different lots. 
Wheying off did not occur in any of the lots other than a very 
slight amount formed on the surface, and was not considered harmful 
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to the quality of the fermented milk. Cooling by different processes had 
no effect on the appearance of the samples. 
Storage of the samples for a period of five days produced no whey 
and did not affect the appearance of the samples. 
The Effect of the Pasteurization Exposure on the Properties of 
Fermented Reconstructed Milk.-Six series, of four lots each, were 
made to determine the effect of the pasteurization exposure on the fer-
mented milk. 
Table 4 shows the effect of the pasteurization exposure at the time 
of breaking the curd. Increasing the pasteurization temperature above 
82.22°C. (180°F.) or exposing the milk for a period exceeding thirty 
minutes decreased the score of the aroma and flavor by causing a powder 
taste and odor to become apparent. The cooked aroma and flavor so 
often appearing in normal milks when heated to a high temperature 
did not appear in the reconstructed milk. 
TABLE 4.-THE EFFECT OF THE PASTEURIZATION EXPOSURE ON THE PROPERTIES OF 
FERMENTED RECONSTRUCTED MILK 
Pasteurization Score Score 
Number of of Viscosity 
of Lot Temperature Exposure Aroma- Body- Acidity Time in 
Degrees F. Minutes Flavor Texture Per Cent Seconds 
I 82.22° C. (180° F.) 30 79.60 84.20 .859 91 
II 82.22° C. (180° F.) 60 79.00 84.60 .863 96 
III 93.33° C. (200° F.) 30 77.60 84.20 .863 103 
IV 82.22° C. (180° F.) 60 74.00 83.80 .872 127 
The score of the body and texture was not materially affected by 
the different pasteurization temperatures or periods of exposure. A 
slight increase in acid and a considerable increase in the viscosity resulted 
with an increase in the time or temperature of the pasteurization ex-
posure. 
Increasing the pasteurization exposure imparted a creamy appear-
ance to the fermented milk. Whey formation was very limited and 
equally distributed among the samples. 
There was no apparent relationship between the length of the 
pasteurization period, and the amount of whey formed or the appearance 
of the samples. 
The Effect of the Addition of Gelatin on the Properties of the 
Fermented Reconstructed Milk.-Six series, of four lots each were made 
to determine the effect of the addition of small amounts of gelatin on 
the properties of fermented reconstructed milk. 
Table 5 shows the improvement of the properties of the fermented 
milk at the time of breaking the curd. The score of the aroma and 
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flavor was not materially affected by the addition of gelatin. The 
presence of gelatin in small amounts caused a marked increase in 
the body and texture score of the samples. With each additional incre-
ment of gelatin there was a slight increase in the acidity of the samples. 
A marked increase in the viscosity is shown with increasing amounts of 
gelatin. Lot IV was increased almost one hundred per cent in viscosity 
time over Lot I. 
TABLE 5.-THE EFFECT OF THE ADDITION OF GELATIN ON THE PROPERTIES OF 
FERMENTED RECONSTRUCTED MILK 
Score of Score of Viscosity 
Number Per Cent Aroma- Body- Acidity Time in 
of Lot Gelatin Flavor Texture Per Cent Seconds 
I 0.00 80.10 86.60 .890 109 
II 0.15 80.80 88.30 .980 126 
III 0.25 80.00 89.60 .896 149 
IV 0.35 81.60 92.50 .904 206 
Lots III and IV appeared much firmer in curd than Lots I and II; 
Lot IV in two instances was described as having a somewhat jelly-like 
consistency. 
No appreciable amount of whey formed in any of the samples. 
The Effect of the Addition of Normal Skimmilk on the Properties of 
Fermented Reconstructed Milk.-Four series, of four lots each were 
made to determine the effect of the addition of normal skimmilk on 
the properties of the fermented reconstructed milk. 
The addition of normal skimmilk to reconstructed milk increased 
the desirability of the fermented milk at the time of breaking the curd, 
as shown by Table 6. The scores of aroma, flavor, body, and texture 
were constantly higher in those lots to which normal skimmilk had 
been added before fermentation. Normal skimmilk seemed to impart a 
richer aroma and flavor, and a more velvety body and texture to the 
fermented milk. 
TABLE 6.-THE EFFECT OF THE ADDITION OF NORMAL SKIMMILK ON THE PROPERTIE 
OF FERMENTED RECONSTRUCTED MILK 
Amount of Score of Score of Viscosity 
Number Normal Skim- Aroma- Body- Acidity Time in 
of Lot milk Per Cent Flavor Texture Per Cent Seconds 
I None 81.20 89.50 .890 152 
II 10 83.20 91.20 .892 151 
III 20 87.50 94.50 .893 155 
IV 30 88.50 94.50 .891 153 
That the nature of the proteins of milk are changed on desiccation 
was shown by Dahle and Palmer3• 
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The acidity and the viscosity time of the fermented milk were not 
materially affected by the addition of different volumes of normal skim-
milk. 
Wheying off did not occur in any of the lots and the appearance of 
all lots was uniform. 
The keeping qualities of the fermented milks were much the same. 
The lots to which normal skimmilk had been added, maintained their 
initial advantage in the scores of aroma, flavor, body, and texture; 
all lots depreciating in score for 24 hours rather rapidly, with a subse-
quent slower rate of decline in value for the period of five days. 
Storing the samples produced no whey and the appearance of the 
samples of fermented milk remained much the same. 
The Effect of Cooling Before Breaking the Curd on the Properties of 
Fermented Reconstructed Milk.-Four series, of four lots each, were 
made to determine the effect of cooling before breaking the curd. 
All lots were then sampled and tested. 
The effect of cooling after incubation, on the properties of the 
fermented milk is shown in Table 7. A slight increase in the scores of 
aroma, flavor, body, and texture was recorded in those lots stored for 
longer periods before breaking the curd. The gain in score in every 
instance increased with the time stored before breaking the curd. 
TABLE 7.-THE EFFECT OF CooLING BEFORE BREAKING THE CuRD ON THE PROPER-
TIES OF FERMENTED RECONSTRUCTED MILK 
Time Before Score of Score of Viscosity Number Breaking Aroma- Body- Acidity Time in 
of Lot Curd Flavor Texture Per Cent Seconds 
I None 79.00 82.50 .867 93 II 4 hours 80.00 83.50 .862 89 III 6 hours . 80.70 84.70 .870 93 IV 8 hours 81.00 87.00 .878 91 
The acidity of the samples held for longer periods of time before 
breaking the curd increased slightly. The viscosity time, however, was 
not affected by cooling before breaking the curd. 
The added fermentation taking place, as shown by the increased 
acidity present, would be a large factor in the improvement in the fer-
mented milk due to the presence of more volatile acids, and to the forma-
tion of a firmer curd. 
Only a very slight amount of whey formed in any case, and that 
formed in the individual samples, showed no relation to the treatment 
of the curd. 
Storage of the samples produced no evidence of whey formation 
and no change in the appearance of the samples. 
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A Comparison of the Properties of Fermented Milks Made From 
Gelatinated, Reconstructed Skimmilk, Normal Skimmilk, and Re-
constructed Skimmilk.-The reconstructed skimmilks were made by 
the outlined procedure. The gelatine was added to the skimmilk powder 
before the addition of water. All milks were made into fermented milk 
by the same process. 
Two series, of three lots each, were made to furnish data for com-
parative purposes. 
Tables 8 to 11, inclusive, show the properties of the fermented milks 
at the time of breaking the curd and during the storage period of five 
days. 
TABLE 8.-THE KEEPING QUALITIES OF FERMENTED MILK STORED AT 3.89° c. (39° F.) 
Score of Score of Viscosity 
Number Stored Aroma and Body and Acidity Time in 
of Lot Hours Flavor Texture Per Cent Seconds 
I 0 84.00 88.00 .872 158 
II 0 83.50 84.50 .882 118 
III 0 83.00 80.50 . 875 104 
I 24 86.00 90.00 .882 208 
II 24 86.00 86.00 .905 142 
III 24 85.50 84.20 . 873 106 
I 72 88.50 90.00 .862 268 
II 72 88.50 86.00 .875 216 
III 72 87.50 85.00 .890 114 
I 120 85.50 88.50 .852 248 
II 120 87.00 87.50 .862 157 
III 120 84.50 84.50 .875 140 
TABLE 9.-THE KEEPING QuALITIES OF FERMENTED MILK STORED AT 15.55° C. (60° F) 
Score of Score of Viscosity 
Number Stored Aroma and Body and Acidity Time in 
of Lot Hours Flavor Texture Per Cent Seconds 
I 0 84.00 88.00 .872 158 
II 0 83.50 84.50 .882 118 
III 0 83.00 80.00 .875 104 
I 24 82.50 85.50 .907 119 
II 24 81.50 82.50 .930 90 
III 24 81.00 81.00 .912 65 
I 72 81.00 83.00 .925 134 
II 72 79.50 77.00 .935 90 
III 72 78.50 75.50 .910 67 
I 120 78.50 83.50 .922 84 
II 120 79.50 75.00 . 932 -- - -
III 120 77.00 73.50 .902 ----
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Storing the samples at 3.89°C. (39°F.), as shown by Table 8 re-
sulted in an increase in the scores of the aroma, flavor, body, and tex-
ture during the 72 hour period, followed by a decline in the scores at 
the end of the five day period. Lots I and II showed the same general 
trend in the viscosity time, while Lot III continued to gain through the 
five day period. 
The acidity of Lots I and II developed somewhat during the first 
24 hours of storage, followed by a decline during the remainder of the 
storage period. Lot III continued to gain in acidity for three days, 
followed by a decline at the end of the fifth day. The apparent ability 
of S. Lacticus to grow better in normal skimmilk with the production of 
more volatile acids probably accounts for the richer aroma and flavor of 
the fermented milk made from normal skimmilk. 
TABLE 10.-THE KEEPING QuALITIES oF FERMENTED MILK STORED AT 22.22° C. (72° F.) 
Score of Score of Viscosity 
Number Stored Aroma and Body and Acidity Time in 
of L.ot Hours Flavor Texture Per Cent Seconds 
I 0 84 .00 88.00 . 872 158 
II 0 83.50 84.50 .882 118 
III 0 83 .00 80 .50 .875 104 
I 24 80.00 82.00 .907 54 
II 24 80.00 80.00 .932 41 
III 24 78.50 79.00 .912 35 
I 72 76.50 78.50 .925 31 
II 72 76.50 75 .50 .957 25 
III 72 74.00 75.00 . 942 26 
The body and texture of the lots made from gelatinated reconstruct-
ed skimmilk were judged to be superior to the lots made from normal 
skimmilk. The presence of a slight lumpiness decreased the score of 
the body and texture in those lots made from normal skimmilk. 
Storage of the samples at 15.55°C. (60°F.) as shown by Table 9, 
resulted in a gradual decline in the scores of the aroma, flavor, body, 
and texture during the storage period of five days. The acidity increased 
gradually during the 72 hour period, followed by a decrease at the end 
of the fifth day. The viscosity of all lots showed a marked decrease at 
the end of the first 24 hours storage, followed by a tendency to remain 
constant in the instances of Lots II and III, while Lot I experienced 
some fluctuation. 
The development of S. Lacticus and associated groups is inhibited 
by a high acidity development as pointed out by Hammer6• However, 
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the growth of other organisms that may have escaped the pasteurization 
exposure is not inhibited and may result in the production of off aromas 
and flavors and in the disintegration of the body by proteolytic bacteria. 
Storage of the samples at 22.22°C. (72°F.), as shown by Table 10, 
resulted in a very rapid decline in the properties of the fermented 
reconstructed milk. The score, of aroma, flavor, body, and texture show 
marked decreases at the end of 24 hours storage, and further decreases 
at the end of the three day period. 
Storage of the samples at room temperature resulted in a general 
decline in the aroma, flavor, body, texture, and viscosity time, as shown 
by Table 11 ; the acidity increasing for three days followed by a decrease 
at the end of the fifth day. The changes taking place in the samples held 
at room temperature were much the same as those taking place in the 
samples held at 15.55° C. (60° F.); however, the changes proceeded at a 
faster rate, particularly during the 72 hour and 124 hour period. 
TABLE 11.-THE KEEPING QuALITIEs OF FERMENTED MILK S TORED AT Roo M 
TEMPE RATURE 
Score ot Score ot Viscosity 
Number Stored Aroma and Body and Acidity T ime in 
ot Lot Hours Flavor Texture Per Cent Seconds 
I 0 84.00 88 .00 .872 158 
II 0 83.50 84 . 50 .882 118 
III 0 83.00 80.50 .875 104 
I 24 82.50 83.00 .915 80 
II 24 82.00 81.00 .930 63 
Ill 24 79.50 78. 50 .905 46 
I 72 79.00 81.50 .915 55 
II 72 79 .00 78. 50 .950 38 
III 72 74.00 75 .00 .917 33 
I 120 75.50 80.00 .905 57 
II 120 75.50 75. 50 .937 32 
III 120 72.50 75 .00 .900 25 
SUMMARY AND CONCLUSIONS 
1. A fermented milk possessing very desirable qualities can be made 
from reconstructed skimmilk when the processes pertinent to its 
manufacture are recognized and uniformly controlled. 
2. Fermented milks made from reconstructed skimmilk are character-
ized by a body and texture that are consistently very smooth. 
3. The quality of the fermented milk may be improved or impaired 
by modifying the manufacturing process. 
4. The quality of the starter used is a factor of utmost importance. 
An amount of high quality starter as practical in commercial 
practice should be used. 
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5. The cooling process subsequent to pasteurization has no important 
effect on the quality of fermented milk made from reconstructed 
skimmilk. 
6. Pasteurization of the reconstructed skimmilk at high temperatures 
or for long exposures should be avoided. 
7. The addition of .35 per cent of gelatine can be recommended as 
improving the body and texture of the fermented milk made from 
reconstructed skimmilk. 
8. The addition of normal skimmilk in amounts exceeding ten per 
cent by weight can be recommended. 
9. Cooling of the fermented milk prior to the breaking of the curd 
should be practiced whenever possible. 
10. Storage of fermented milk made from reconstructed skimmilk at 
a temperature of 3.89° C. (39 o F.) causes no deterioration in the 
quality of the product in five days. 
11. Storage temperatures above 5.55° C. (42° F.) causes a decrease in 
quality after three days while a storage temperature of 15.55° C. 
(60° F.) results in an inferior product in 24 hours. 
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